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Upgrading of heavy oil by dispersed biogenic magnetite catalysts
addition of surface associated Pd to achieve loadings of 4.3, 7.1 and 9.5 wt% Pd. This led to 26 significant decreases in viscosity of up to 99.4% for BnM loaded with 9.5 wt% Pd. An 27 increment of 7.8° in API gravity with respect to the feed oil was achieved for 9.5 wt% BnM, compared with thermal cracking alone (5.3°). Whilst this level of upgrading was 29 comparable to commercially available and previously tested catalysts, significant decreases 30 in the coke content (3 wt% for 9.5 wt% Pd-BnM versus 10 wt% for thermal cracking) and 31 associated increases in liquid content (~90 wt% for 9.5 wt% Pd-BnM versus ~79 wt% for 32 thermal cracking) demonstrate the potential for the use of Pd-augmented biogenic 33 magnetite as a catalyst in the THAI CAPRI process. 
Introduction

36
Continuing depletion of global oil reserves has led to unconventional oil resources, such as 37 oil sands, heavy oil and bitumen becomingly increasingly attractive for exploitation. 38 However, heavy oil and bitumen have the disadvantage of high viscosity, low API (American 39 Petroleum Institute) gravity and high molecular weight fractions. This presents a challenge, 40 as the transportation of these materials is both costly and energetically expensive, with 41 heating of the pipeline or solvent addition often required to improve flow rates [1] . 42 Furthermore, conventional oil refineries require heavy oil and bitumen to be first upgraded 43 to a light crude oil before being distilled [2] . Again, this carries associated costs and hence 44 previous exploitation of these resources has been limited. 
137
The surface of biogenic magnetite crystallites was functionalized with various wt% Pd 138 loadings (% Pd by mass of BnM) according to methods described previously [19, 23] . The non-condensable gas yields after the upgrading reaction was determined by subtracting 
